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Euclidean Lattice Field Theory is wildy successful

LFT can compute most 〈ψi |
∏

nOn(τn)|ψi 〉
Early on, there were competiting methods

Real-t QFT have sign problems[1]
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So ahead of the curve, the curve becomes a sphere

Lattice QCD: A forty-five year case study

←If we’re lucky, we are here†
†...except I’m no Wilson.
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How do I digitize gluons, all things considered?

Lots of choices for bosons:

Loop-String-Hadrons[2] – Tensor Networks[3] —Quantum Link
Models[4] – Discrete Subgroups[5]→Matrices with floats[6]

What qualities make a GOOD scheme?

What is the qubit cost per degree of freedom?

What is the circuit depth per trotterization step?

What is the rate of approach to the physical point?

How easily can they be analyzed?

Can the scheme be simulated classically?
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Discrete subgroups allow plug-and-play framework[8]

Replace G → H in e−S , e−iH

H has ∆S > 0 so 1st PT at βf <∞...
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UV difference scales ∝
(
φ
Λ

)n
If βf > βs =⇒ rough approx. in EFT sense
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A Ladder from Discrete Subgroups

What do we know from Wilson Action?

U(1)→ ZN , N > 4

SU(2)→ BO,BI
SU(3)→ V has βf = 3.935(5) < βs ≈ 6

One 1152 qubit SU(3) link vs ∼ 43 lattice of 11 qubits for V link
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Tc
√
t0 suggests a ≈ 0.07 fm ≈ 2 GeV−1 possible[10]

S =
∑ β0

3 Re TrU + β1f (U) with f (U) = {Tr2 U + TrU2, |TrU|2}
Compare to SU(3)[9]

On-going work to extract quenched spectroscopy
[9]
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Systematics from Group Space Decimation[11]

Decimate via U = u · ε in analogy to Wilsonian renormalization:

Z =

∫
G
DU e−S[U] =

∑
u∈H

∫
Ω
Dε e−S[u,ε] =

∑
u∈H

e−S[u] , (1)

Match moments with cumulants in terms of χr with Vr ∝ 〈χr (ε)〉

S [u] =
∑
p

(
β{1} + β{1,1}

) 1

3
Reχ{1} +

(
β{0} + β{1,1,1}

)
+
(
β{2} + β{1,1,−1}

) 1

6
Reχ{2} +

(
β{1,−1} + β{2,1}

) 1

8
χ{1,−1}

+
β{3}

10
Reχ{3} +

β{2,−1}

15
Reχ{2,−1} . (2)
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What will it take for practical quantum advantage?

Find Bulk properties with fast continuum limit =⇒ smaller V
Analogs to specific heat are viscosity/conductivity

43 Z2 η?

43 V η?

203 V PDF?
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We are at the start of an exciting era!

Many things to do!

Digitizing SU(3)

Spectroscopy for V
V circuits

Error Analysis

e.g. Finite volume, decimation
errors, fidelity to obtain realisitic
resource estimates

Investigate desirable properties

Viscosity?
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